The physiological effects of selected classical transmitters and FMRFamide-related peptides (FaRPs) on dispersed muscle fibres from the marine turbellarian, Procerodes littoralis have been examined. Confocal scanning laser microscopy coupled with fluorescein isothiocyanate (FITC) or tetramethylrhodamine (TRITC)-labelled phalloidin revealed a highly developed body wall muscle system with circular, longitudinal and diagonal layers of muscle fibres. Dispersed muscle fibres contracted when depolarized by exposure to extracellular media with elevated K + (15-100 m) in a concentrationdependent manner, with a maximal response of 87 % achieved at 75 m. 5-Hydroxytryptamine (5-HT) induced concentration-dependent muscle contraction between 0n01 and 1000 µ, with 10 µ producing a near maximal contraction response of 75 %. Acetylcholine (ACh) had less pronounced excitatory effects (0n01-1000 µ), inducing contraction of only 32 % of the fibres at 100 µ. The flatworm FMRFamide-related peptides (FaRPs), GYIRFamide, YIRFamide and GNFFRFamide each had concentration-dependent myocontractile effects, indicating the occurrence of at least 1 FaRP receptor on P. littoralis muscle fibres. At 10 µ peptide, GNFFRFamide induced contractions in 40 % of the muscle fibres examined, whereas YIRFamide and GYIRFamide induced contraction in 70 and 75 % of muscle fibres, respectively. The order of potency of the peptides was : GYIRFamide YIRFamide GNFFRFamide. Pre-incubation of the muscle fibres in 5 µ 5-HT significantly reduced the responses to GYIRFamide, YIRFamide and 5-HT, while the responses to high K + remained unaltered. Muscle fibres pre-incubated in GYIRFamide (0n1 µ) were also less responsive to 5-HT but not to ACh and high-K + . The GYIRFamide analogue, GYIRFamide, did not induce muscle contraction (0n01-100 µ) per se, but when co-applied with the myoactive peptides GYIRFamide, YIRFamide or GNFFRFamide, it significantly blocked their ability to elicit contractions. This suggests that the peptides tested may act via a common muscle-based neuropeptide receptor. GYIRFamide did not alter the contractile effects of high K + , 5-HT or ACh. Collectively, these results indicate that FaRPs, 5-HT and ACh all have the potential to cause muscle contraction in flatworms and that 5-HT and FaRPs alter muscle sensitivity to each other, but do not influence the ability of flatworm muscle fibres to contract.

The musculature of platyhelminths is crucial for locomotory movement and\or attachment and serves an essential role in alimentation and reproduction (Mair et al. 1998 a) ; as such, it provides an attractive target for anthelmintic chemotherapy (Geary et al. 1992 ; Blair & Anderson, 1993) . Although flatworm physiology has progressed substantially since the pioneering work of Baldwin et al. (1943) and Chance & Mansour (1949 , 1953 , little is known about the basic physiology of flatworm neuromuscular function (see Pax et al. 1996 ; Blair & Anderson, 1996) .
Procerodes littoralis is a brackish-water turbellarian which is readily available in Northern Europe and amenable to maintenance under laboratory conditions. As such, this species represents a putative model in studies of flatworm biology. Although understanding of parasitic flatworm neuromuscular physiology is limited, there has not been any concerted effort to establish the use of free-living flatworm species as laboratory models for these studies. In view of the success of Caenorhabditis elegans as a useful (though not perfect) model for parasitic nematodes, it seems timely to examine the utility of selected, laboratory-amenable, free-living flatworms as models for their parasitic relatives in studies of flatworm neuromuscular physiology.
Like other flatworms, P. littoralis has a chemically complex nervous system with abundant classical transmitters and neuropeptides (Halton et al. 1994 ; Halton & Gustafsson, 1996 ; Day & Maule, 1999 ; Reuter et al. 1995) . While most studies on muscle activity in flatworms have concentrated on intact worms or muscle strip preparations, the development of dispersed muscle fibre techniques in flatworms has facilitated the examination of myoactive compounds on a single flatworm cell type (see Pax et al. 1996) .
The candidate flatworm excitatory neurotransmitter, 5-hydroxytryptamine (5-HT), has been shown to be excitatory in numerous flatworm muscle-strip assays (see Pax et al. 1996) . However, 5-HT does not induce contraction of individual muscle fibres isolated from the blood fluke, Schistosoma mansoni, but it was found to be a pre-requisite for depolarization-induced contractions of the fibres (Day, Bennett & Pax, 1994 a) . Acetylcholine (ACh), a candidate inhibitory flatworm neurotransmitter, has pronounced inhibitory effects on flatworm muscle strips (see Pax et al. 1996) and has been shown to inhibit muscle contraction in S. mansoni muscle fibres (Day et al. 1996) . Flatworm FMRFamide-related peptides (FaRPs) have been shown to have excitatory effects on muscle-strip preparations of the monogenean trematode, Diclidophora merlangi (Moneypenny et al. 1997 ) and the digenean trematode, Fasciola hepatica (Marks et al. 1996 ; Graham, Fairweather & McGeown, 1997) . However, the direct myoexcitatory actions of FaRPs were first reported in S. mansoni (Day et al. 1994 (Day et al. b, 1997 and subsequently in Bdelloura candida (Johnston et al. 1996) . Both studies demonstrated that FaRPs cause dose-dependent contractions of flatworm muscle fibres and that turbellarian FaRPs are more potent than the cestode FaRP, GNFFRFamide.
In this study, a dispersed flatworm muscle fibre assay was used to examine the influence of 5-HT on muscle contraction induced by K + , 5-HT, ACh and neuropeptides. Results were compared to those for S. mansoni to evaluate this triclad turbellarian as a model for studying trematode muscle physiology.
  

Tissue
Specimens of Procerodes littoralis were collected from pools of brackish water in the vicinity of Portavogie harbour, County Down, Northern Ireland, and transferred to the laboratory in brackish water. The water was changed every 2-3 days using 50 % artificial seawater (composition, m : NaCl, 231 ; MgSO % , 1n215 ; KCl, 6n05 ; NaHCO
) and 50 % double distilled water.
Muscle cell dispersal
Twenty-five worms were finely chopped with a blade and the tissue placed in 20 ml of worm saline (WS) (composition, m ; CaCl # , 13n6 ; KCl, 13n4 ; NaCl, 458 ; MgCl # .6H # O, 9n8; Na # SO % , 13n6 ; Hepes, 10 ; -glucose, 10 ; and 1 % (v\v) antibiotic\antimycotic solution (GibcoBRL, UK)). Enzyme-containing worm saline (EWS) had the following added to it : (a) 0n11 mg\ml lyophilized collagenase (Sigma type 1A Clostridiopeptidase, from C. hystoliticum) ; (b) 0n15 mg\ml protease (Protease E, Sigma type XIV, from Streptomyces griseus) ; and, (c) 0n15 mg\ml dithiothreitol (Sigma, 2,3-dihydroxybutane-1,4-dithiol). Tissue was maintained in EWS for 12-16 h at 4 mC. The EWS\tissue suspension was agitated using a magnetic spin bar and triterated using a pipette to facilitate muscle fibre dispersal. After approximately 15 min, isolated muscle fibres could be visualized using a microscope. The EWS\tissue suspension was centrifuged at 28 g for 5 min at 4 mC, the supernatant decanted, and the pellet resuspended in WS for 20-30 min. Dispersed cells were plated on 50-mm Petri dishes and maintained at 4 mC for 1-4 h prior to experimentation.
Recording procedures
Both spindle and frayed muscle fibres, as originally described by Blair et al. (1991) , were used for experimentation. The data are based on contractions of individual muscle fibres in response to test compounds by visual observation, using an inverted microscope (Nikon Eclipse TE200, Japan). Each muscle fibre was micro-perfused or ' spritzed ' by pressure ejection from a pipette tip (tip diameter 5 µ). Pipettes were pulled from borosilicate glass capillaries (1n2 mm ODi0n69 mm ID, Clarke Electromedical Instruments, UK) using a micropipette puller (Flaming\Brown, model P-87, Sutter Instrument Co, USA). Negative controls consisted of spritzing fibres with WS, the extracellular medium ; positive controls consisted of spritzing WS with the [K + ] elevated from 13 m to 100 m. Responses to controls were examined using freshlyplated cells. Negative controls were carried out prior to the application of test compounds and positive controls were performed after experimentation. If control values fell outside the previously established range (negative controls 5 % response ; positive controls 85 % response) the data were not included in the final analyses. The data are presented as a percentage of the fibres which contract in response to the test medium. Quiescent (non-spontaneously active) muscle fibres were used throughout this study. A muscle fibre was deemed to have elicited a contraction when it shortened to less than 50 % of its original length within 30 sec of addition of test compound. Results were recorded as the meanp... for a minimum of 4 different plates, taken from at least 2 different cell dispersal preparations.
Co-spritzing studies
The GYIRFamide analogue, GYIRFamide, was employed in co-spritzing experiments in which 10 µ test peptide (GNFFRFamide, YIRFamide or GYIRFamide) and 100 µ GYIRFamide were dissolved in WS and spritzed onto freshly isolated muscle fibres.
Pre-incubation studies
Pre-incubation studies were performed to assess if 5-HT (5 µ) or GYIRFamide (0n1 µ) influenced muscle fibre responsiveness. During pre-incubation studies, cells were exposed to the appropriate compound for 1 h prior to experimentation. Day et al. (1994 a) found that 10 min pre-incubation with 5-HT was sufficient to enable high K + contractions in schistosome muscle fibres.
Experimental media and drugs
The ability of elevated extracellular K + to elicit contractions was tested using a range of concentrations (15-100 m). These solutions were identical to the bathing medium (WS) for the cells, except that the KCl and NaCl were either partially or completely replaced by K-gluconate and Na-gluconate to give the desired concentration of K + and maintain the Day et al. 1994 a) . Chemicals used included : acetylcholine, 5-HT, antibiotic\antimycotic (Sigma Chemical Co., UK) and the peptides GYIRFamide, YIRFamide and GNFFRFamide (Research Genetics, Huntsville, AL, USA). GYIRFamide was synthesized by Genosys Biotechnologies (Europe) Ltd (Cambridge, UK).
Statistics
The Student's t-test was used to determine P-values for the test compounds.
FITC-phalloidin staining
Samples of the cell suspension (250 µl), obtained every 2 min for 20 min, were placed into a cytospin (Shandon Inc., UK) and centrifuged for 5 min at 110 g. The cell pellet was placed in 400 µl of 4% (w\v) paraformaldehyde (PFA) in phosphatebuffered saline (PBS) for 30 min. The cells were then washed in 0n5 ml of antibody diluent (AbD, 0n1  PBS, pH 7n4, containing 0n1% (v\v) Triton X-100, 0n1% (w\v) bovine serum albumin and 0n1% (w\v) NaN $ ) for 1n5 h. Cells were then incubated for 2 h at 20 mC with AbD containing 200 ng\ml fluorescein isothiocyanate (FITC)-conjugated phalloidin (Sigma Chemical Co. England), a phallotoxin which binds to F-actin (Mair et al. 1998 a, b) . The cells were finally washed in AbD for 30 min and mounted in PBS\glycerol (1 : 9, containing 2n5% (w\v) 1,4-diazabicyclo [2.2.2] octane ; Sigma) and viewed and photographed using a confocal scanning laser microscope (Leica TCS-NT, Leica Microsystems, UK).
Whole specimens of P. littoralis were flat-fixed between 2 microscope slides for 2-3 h in 4 % PFA and transferred to fresh fixative for an additional 3 h. Flattened whole-mounts were then washed in AbD prior to submersion in phalloidin-FITC overnight. Specimens were then rewashed in AbD, mounted in PBS\glycerol, and viewed as described.

General
Isolated muscle fibres with response parameters within those set for positive and negative controls (see Materials and Methods section) were obtained from 82 % of the digests undertaken. Responsive muscle fibres could be obtained following 20 min of digestion at room temperature. However, these cells were only viable for up to 2 h and the muscle fibre yield was considerably lower than that obtained following overnight digestion. Therefore, overnight digestion at 4 mC was used throughout the study.
Muscle staining
The body wall musculature of P. littoralis comprises an outer layer of circular muscle fibres overlying diagonal and longitudinal muscle fibres. All 3 muscle layers were clearly visible following staining with phalloidin-fluorescein isothiocyanate and confocal scanning laser microscopy (CSLM) (Fig. 1 A) . Following overnight exposure (4 mC) to the enzymecontaining worm saline (EWS) there appeared to be no visible damage to the outer muscle layers. However, after 6 min at 22 mC, large holes appeared in the outer circular muscle layer thus exposing the diagonal and longitudinal muscles (Fig. 1 B) . Within 12 min, areas where all body wall muscle layers had been removed were common (Fig. 1 C) . After 15 min of digestion, 2 types of isolated muscle fibres (spindle and frayed) could be readily identified (Fig. 1 D) . Isolated muscle fibres obtained after 15 and 20 min digestion did not appear morphologically different.
Physiology
Effects of high K + . Elevated extracellular K + (15-100 m) induced concentration-dependent contractions of isolated muscle fibres in the presence and absence of 5-HT (5 µ). The presence\absence of 5-HT had no significant effect (P 0n05, n l 6) on contractile responses to high K + (15-50 m). The depolarization-induced contractions were rapid in onset and robust, with 100 m K + causing 87p4% of the fibres to contract (see Fig. 2 ).
Effects of acetylcholine (ACh). ACh had concentration-dependent contractile effects on isolated muscle fibres, with 100 µ eliciting contraction of 32p2 % of muscle fibres (see Fig. 3 ). The inclusion of 5-HT (5 µ) in the bathing medium did not alter the maximal response (P 0n05, n l 7), but it did make the fibres more sensitive, shifting the concentration-response curve to the left (see Fig. 3 ). The major differences were at 1 and 0n1 µ ACh, where responses were increased significantly by the inclusion of 5-HT (5 µ) in the bathing medium (P 0n05, n l 8 ; see Fig. 3 ).
Effects of 5-HT. Spritzing of 5-HT (0n01-1000 µ) induced concentration-dependent muscle contraction ; maximal contraction (83p1 %) was recorded using 1 m 5-HT (see Fig. 4 ). When cells were pre-incubated in worm saline containing 5 µ 5-HT, the responses to the spritzing of 5-HT were significantly reduced. For example, the spritzing of 10 µ 5-HT induced contraction of 74p1 % of the fibres in normal WS and only 14p0n2 % of the fibres pre-incubated in 5-HT-containing WS (maximal response at 1 m, 70p0n3 %). The contractions were not immediate, with muscle fibres twitching for up to 15 s prior to contraction.
Effects of peptides. All 3 FaRPs tested (GYIRFamide, YIRFamide and GNFFRFamide) induced concentration-dependent muscle fibre contractions (see Fig. 5 ). Peptide-induced contractions were qualitatively similar to those produced by 5-HT, comprising a transient period (5-15 s) of twitching prior to muscle contraction. The turbellarian FaRPs (GYIRFamide and YIRFamide) were more active (10 µ GYIRFamide, 74n7p1n9 % contraction ; 10 µ YIRFamide, 70n3p0n4 % contraction) than the cestode FaRP (10 µ GNFFRFamide, 30n1p2n1 % contraction).
Cross-inhibitory effects of 5-HT and peptides.
The effects of GYIRFamide and YIRFamide on dispersed muscle fibres previously exposed to 5-HT (5 µ) (see Fig. 6 A and B, respectively) were significantly reduced (GYIRFamide 0n001 µ and YIRFamide 0n1 µ, P 0n05, n l 6). No significant difference was recorded for the effects of 0n1-1000 µ GNFFRFamide on muscle fibres in the presence or absence of 5-HT (see Fig. 6 C ; P 0n05, n l 8).
When cells were pre-incubated with GYIRFamide (0n1 µ) and subsequently exposed to varying concentrations of 5-HT, the percentage of fibres contracting was significantly reduced ( 1 µ 5-HT, P 0n05, n l 5). In the presence of 0n1 µ GYIRFamide, 1 m 5-HT caused only 31p1n1% contraction, compared to 78p0n9 % in the absence of peptide (see Fig. 7 ).
Effects of GYIRDFamide. Dispersed muscle fibres did not respond to the GYIRFamide analogue, GYIRFamide (1-1000 µ). However, when it was co-spritzed onto muscle fibres with GYIRFamide (final concentration : GYIRFamide 100 µ, GYIRFamide 10 µ) the contractile response was significantly reduced (P 0n05, n l 6 ; see Fig. 8 ). Quantitatively similar reductions in the actions of YIRFamide and GNFFRFamide were recorded when GYIRFamide (100 µ) was included in the spritzing medium (see Fig. 8 ). GYIRFamide (100 µ) had no significant effect on the contractile response to high K + (15-100 m), ACh (1-1000 µ) or 5-HT (1-1000 µ) (data not shown).

In this study, dispersed muscle fibres from the triclad turbellarian, P. littoralis, were found to be responsive to high-K + , acetylcholine (ACh), 5-hydroxytryptamine (5-HT) and the flatworm FMRFamide-related peptides (FaRPs) GYIRFamide, YIRFamide and GNFFRFamide. All of these substances triggered concentrationdependent muscle fibre contraction.
The body wall muscle of P. littoralis is arranged with outer circular, medial diagonal and inner longitudinal muscle fibres. This pattern is similar to that seen in other turbellarians and trematodes (Mair et al. 1998 b) . Time-course digestion of the body wall of P. littoralis revealed that the isolated muscle fibre population, recovered during enzymatic digestion, appears to remain morphologically homogeneous during the breakdown of the 3 muscle layers. This suggests that the general morphology of the fibres in each of the 3 muscle layers is similar. The muscle fibres recovered and used for experimentation have a morphology consistent with that of the body wall muscle fibres identified during the time-course digests.
Of the 3 FaRPs tested on P. littoralis, both turbellarian FaRPs, GYIRFamide and YIRFamide proved more potent than the cestode FaRP, GNFFRFamide. This is of phylogenetic interest since, despite a possible polyphyletic origin, freeliving turbellarians are believed to be the ancestors of trematodes and cestodes (Rohde, 1994 ; Blair & Anderson, 1996) . Furthermore, the species (Dugesia tigrina and Bdelloura candida) from which GYIRFamide and YIRFamide were characterized, are triclad turbellarians and, therefore, closelyrelated to P. littoralis. It is not unreasonable, therefore, to speculate that the FaRP receptor(s) present in P. littoralis may recognize a triclad turbellarian FaRP with a higher degree of specificity than a cestode FaRP. These findings are in accord with those obtained using isolated muscle fibre assays from S. mansoni and B. candida. The order of potency of compounds tested on S. mansoni was GYIRFamide YIRFamide l RYIRFamide FMRFamide GNFFRFamide (Day et al. 1994 b) . In the turbellarian, B. candida the order of potency was found to be GYIRFamide RYIRFamide YIRFamide FMRFamide (Johnston et al. 1996) . The differences in potency of the FaRPs could be due to their interactions with different endogenous receptors or to differing specificities for a single receptor (Moneypenny et al. 1997) . Since the flatworm peptides examined possess similar Cterminal motifs (RFamide), differences in potency are likely to be due to N-terminal variations. Another possibility is that peptide potency is affected by endogenous enzymatic degradative processes associated with the isolated muscle fibres. In this respect, YIRFamide may be more rapidly degraded (and thus inactivated) than GYIRFamide which has the protection of an additional N-terminal residue (see Geraghty et al. 1994) .
FMRFamide, a -isomer analogue of FMRFamide, was shown to have antagonistic properties at the FMRFamide receptors present on strips of molluscan smooth muscle Kizawa et al. (1991) . FMRFamide was also tested on isolated muscle fibres of S. mansoni where it was found to reduce FaRP-induced muscle fibre contraction by some 50 % (Day et al. 1994 b) . Due to these observations, the effects of GYIRFamide (an analogue of the most potent flatworm peptide tested in this study) were examined. Although GYIRFamide had no direct excitatory effects on the dispersed muscle fibres, it inhibited muscle fibre responsiveness to GYIRFamide, YIRFamide and GNFFRFamide. The antagonistic properties of GYIRFamide suggest that it has the ability to bind to the muscle-based FaRP receptor(s). The ability of GYIRFamide to inhibit the actions of all 3 peptides suggests that they all act through the same muscle-based FaRP receptor(s).
This study presents the first evidence for concentration-dependent 5-HT-induced muscle fibre contraction in flatworms. The concentrationdependent 5-HT-stimulated contractions of P. littoralis muscle indicate the occurrence of myoexcitatory 5-HT receptors. Although numerous reports document the excitatory effects of 5-HT on intact worms or muscle strips (see Pax et al. 1996) , these studies do not discriminate between possible myoexcitatory and\or neuroexcitatory actions. Indeed, 5-HT was found not to induce muscle contraction in isolated S. mansoni muscle fibres (Day et al. 1994 a) .
Previous studies have demonstrated the pivotal role played by 5-HT in flatworm muscle contraction, for example, 5-HT was a pre-requisite for depolarization-induced contractions of S. mansoni muscle fibres (Day et al. 1994 a) . Johnston et al. (1996) reported that 5-HT was necessary for AChinduced contractions in the marine turbellarian, B. candida ; the 5-HT-dependence of depolarizationand FaRP-induced contractions were not examined. In the present study, 5-HT was not required for muscle fibre contraction in P. littoralis, indeed, the presence of 5-HT in the incubating medium reduced the excitatory effects of the FaRPs, GYIRFamide and YIRFamide. On the one hand, in P. littoralis 5-HT is myoexcitatory and blunts muscle fibre responsiveness to FaRPs while, on the other hand, in S. mansoni, 5-HT does not induce muscle contraction and is a pre-requisite for both peptide and K + -induced muscle contraction. Although the reason for these differences is not clear, they could reflect variation in the physiology of the turbellarian and the trematode, or they could result from some differences in the methods employed. It is possible that the variable 5-HT sensitivities of schistosome and P. littoralis muscle is due to differences in habitat ; S. mansoni has continuous exposure to host 5-HT and, as a result, may rely on an external source or have become dependent on its influence to maintain muscle function. Clearly, such a dependence is not an option for a free-living turbellarian. Unfortunately, this scenario would not fully explain why intact schistosomes show in vitro contractile responses to high-K + and FaRPs. However, in S. mansoni, the predominant type of innervation is serotoninergic whereas in P. littoralis it is peptidergic (unpublished observations). It is possible, that muscle fibres in S. mansoni are continually exposed to 5-HT, possibly from a neural source, such that once isolated an alternative external source is required.
The presence of ACh in turbellarians has been demonstrated by histochemical localization of cholinesterase activity in Procotyla fluviatilis (Lentz, 1968) , Planaria torva (Erzen & Brzin, 1979) and in P. littoralis (Moneypenny, unpublished results). As ACh has been shown to have profound inhibitory effects on a range of flatworms (see Pax et al. 1996) and it has also been found to inhibit FaRP-induced contractions in S. mansoni isolated muscle fibres (Day et al. 1996) , the excitatory effects of ACh on P. littoralis muscle fibres seem surprising. The ACh response was limited to around 30 % of muscle fibres, indicating that there may be is a subpopulation of muscle fibres with excitatory ACh receptors. An excitatory ACh response was also reported for B. candida (Blair & Anderson, 1994) . In the present study, and those carried out on B. candida, the worm saline used contained 13 m K + compared to 4 m K + in the saline used in the studies of schistosome muscle fibres. Such differences could influence responses to ligands linked, directly or indirectly, to muscle-based ion channels.
The fact that ACh-induced contractions in B. candida required 5-HT, whereas those in P. littoralis did not, reveals subtle differences in muscle physiology within the triclads, although care must be taken when drawing general conclusions about flatworm physiology from studies performed on a single species.
5-HT was found to suppress both GYIRFamide and YIRFamide-induced muscle contractions in P. littoralis. Similarly, pre-exposure of muscle fibres to GYIRFamide blunted 5-HT induced contractions. Clearly, these results indicate that classical transmitters and neuropeptides have the capability of modulating each others effects on flatworm muscle. The occurrence of co-release mechanisms in vivo in flatworms has yet to be investigated. Another possible explanation is that they are employing the same second messenger pathways such that there is heterologous desensitization. For example, 5-HT has been shown to activate adenylate cyclase in trematodes (Northup & Mansour, 1978 a, b ; Kasschau & Mansour, 1982 a, b) and planaria (Franquinet et al. 1976 (Franquinet et al. , 1978 . Although the ability of neuropeptides to modulate adenylate cyclase activity in flatworms has not been reported, it has been demonstrated in numerous peptide-activated systems (Michel, 1991 ; Casey et al. 1997 ; Trim et al. 1998) .
Direct comparisons between the pharmacology of turbellarian and parasitic trematode muscle fibres are hindered by the limited number of species and studies for which comparable data are available. Nevertheless, similarities and differences have been identified between the physiology of P. littoralis and S. mansoni isolated muscle fibres. Although it appears that the effects of classical transmitters on isolated muscle fibres are different in the two species, the effects of neuropeptides are similar. It may, therefore, be possible to employ amenable models, such as P. littoralis, to provide baseline data on the function of neuropeptides in free-living and parasitic flatworms ; reasons for the different responses to classical transmitters need to be resolved before planarians can become useful models in studies of their signalling mechanisms. (1996) . Cholinergic inhibition of muscle fibres isolated from Schistosoma mansoni (Trematoda : Digenea). Parasitology 113, 55-61.
